terranean countries but is also reported from many (DaMassa, Wakenell) and Medicine (Brooks), School of Veterinary other areas of the world. 24, 55 The agent has been noted Medicine, University of California, Davis, CA 95616. on only 2 occasions in the United States. 34, 53 
The goat is an important commodity in many areas of the world, where it is kept as a source of meat, milk, and fiber. Often described as the "poor man's cow," the goat can survive in areas where a cow cannot and, therefore, replaces the cow in importance for a large segment of the world's population. Improved goat husbandry will help maximize human food supplies from marginal agricultural lands under restrictive climatologic circumstances.
Among the important goat diseases, mycoplasmal infections result in significant losses on the African continent and in countries such as Greece, France, In-assigned an arbitrary serotype number, except for ureaplasmas, which will be referred to as Ureaplasma spp. under a single serotype. To retain continuity with previous reports, serotype numbers for unclassified mycoplasmas are retained as originally listed in other reports. 23, 48 Three strains, Mycoplasma spp. G, U, and V, were first isolated from the external ear canals of clinically normal goats in Australia 31, 32 but also occur in the ear canals of goats in the United States (strains GM274B or GM790A, GM623, and GM257A, respectively) and are probably new mycoplasma species. 33, 35, 44 New evdia, Israel, Italy, Portugal, Spain, and the United States. idence suggests that one of these serotypes (identical Morbidity and mortality can reach 100%. Several im-to Mycoplasma sp. G or the US serologic equivalents portant outbreaks have been described, including 1 [strains GM274B or GM790A]) are pathogenic for the that required the destruction of an entire herd of 700 goat. 44 goats in the United States. 43 The list of mycoplasma serotypes given herein rep-Clinical mycoplasmosis often lacks pathognomonic resents only those that differ from the other serotypes characteristics, and symptoms can be shared by or can named in this report, with the exception of strain mimic other clinically significant infections. As a con-Al 343, which could not be obtained for comparison. sequence, the diagnosis of an acute caprine mycoplas-Thus, some publications list isolates as "unclassified" ma1 infection can be easily misinterpreted, even by the or "unspeciated" mycoplasma of goat or sheep oriveterinarian. For example, in acute or peracute infecgin 14, 67, 91 These mycoplasmas, and undoubtedly many tions with Mycoplasma capricolum or caprine strains others, are not included here because they were not of M. mycoides ssp. mycoides, the animal can die suddenly without premonitory signs. In such cases, the histologic sented for picion of gorized as changes are slight, and cases that are preroutine diagnostic analysis without any susmycoplasmal infection can easily be catebeing of undetermined etiology. serologically compared rotypes listed herein. with all the caprine/ovine se-This communication reviews and updates mycoplasma species or serotypes previously reported 24, 25 but is not intended as a complete reference for the role of each mycoplasma. Additional information on most of Many mycoplasmas have been isolated from goats the mycoplasmas reported herein can be found in the and sheep. Some strains have been isolated only once reviews of Cottew 24, 26 and in other significant publior a few times, and their role in disease, if any, is cations referenced here under the description of each unknown. This communication includes a current list agent. Biochemical reactions of the mycoplasmas reof the differen t known mycoplasma serotypes that have been isolated from these hosts and gives a brief de-ported herein are given in Table 1. scription of their pathology and role (if any) in the disease process.
Mycoplasma species
In this list, serologically similar mycoplasma strains Mycoplasma agalactiae that have not been classified to species have been This important mycoplasma causes natural disease in both goats and sheep. It occurs primarily in Medi- "contagious agalactia of sheep and goats," a particularly unfortunate designation because 1) there is no compelling evidence indicating that the disease is particularly contagious among mature goats or sheep, 2) the term "agalactia" suggests that only the female is affected when actually both sexes are susceptible, and 3) many authors now include other mycoplasmas as causes of "contagious agalactia," i.e., M. capricolum, M. mycoides ssp. capri, M. mycoides ssp. mycoides (caprine or large-colony biotype), and M. putrefaciens, because all can produce mastitis leading to agalactia.
The disease caused by M. agalactiae is of considerable economic importance because of high morbidity rather than high mortality. Clinical disease can be unapparent, mild, acute, or chronic. 26 In the female, acute clinical signs often are first noticed after freshening at the beginning of lactation. 115 Usually, there is general malaise, fever, and mastitis that leads to decreased milk yield and agalactia. Large numbers of the organism can be shed in the milk, and the blood can contain the organism for a short time. Severe keratoconjunctivitis may develop. Often, the organism settles in the joints, causing arthritis that may involve one or several joints (polyarthritis). Although experimental evidence is lacking, suckling kids may acquire the infection by ingesting colostrum or milk containing the organism. The dam can easily become infected by the introduction of even a few organisms into the teat canal either as a result of unsanitary procedures either in the milking parlor or during hand milking. Similar infections of the udder via the teat canal occur with M. capricolum 40 and with caprine strains of M. mycoides ssp. mycoides (A. J. DaMassa and D. L. Brooks, unpublished data) and M. putrefaciens. 15, 42 Mycoplasma agalactiae has also been associated with cases of granular vulvovaginitis in goats. 106 Lung lesions are not a normal feature of M. agalactiae infection, although outbreaks of pleurisy among goats from which the mycoplasma was isolated have been reported. 24, 28 
Mycoplasma arginini
This mycoplasma occurs in goats and sheep and can be isolated from various anatomical sites of other hosts. 60 Most often the organism is considered nonpathogenic. In 1 experimental tria1, 54 M. arginini was not mastitogenic when injected into the lactating mammary gland of goats, but it did persist in sheep udders at high titer for at least 9 days, causing lacteal neutrophilia without alteration in milk consistency and/or appearance.
Mycoplasma arginini has been isolated from cases of ovine keratoconjunctivitis. 68 Cottew 24 reported this organism's frequent occurrence in pneumonic sheep lungs, mouth, and esophagus, a finding that has been confirmed in our laboratory on many occasions (A. J. DaMassa, unpublished data). In our laboratory, M. arginini has also been isolated from the joints of goats dying of experimental septicemia caused by either M. mycoides ssp. mycoides (caprine or large-colony biotypes) or M. capricolum.
Mycoplasma bovirhinis
Little information is available concerning the isolation of M. bovirhinis from goats. Cottew, 22 however, reported the isolation of this organism from goats on at least 1 occasion, which represents the only known isolation of M. bovirhinis from goats or sheep.
Mycoplasma bovis
This mycoplasma can occasionally be isolated from the lungs of goats. During a survey of the bacterial flora of the diseased caprine lung in Nigeria, an isolate representing Mycoplasma agalactiae ssp. bovis was recovered 86 The mycoplasma has since been elevated to species rank and is now known as Mycoplasma bovis. Because M. bovis is often associated with mastitis in cattle, the investigators 86 elected to examine the pathogenicity of that agent following its introduction into the teat canal of lactating goats. Pyrexia was evident by the third day postinoculation, and the infected gland was swollen, firm, and pale. By the fifth day postinoculation, the gland had increased in size to about 4 times normal. Abnormal milk secretion, showing occasional clots, was evident by the first day postinoculation; milk changed to a yellow serous fluid after 3-5 days. Counts of the mycoplasma attained a titer of 4 x 10 7 colony-forming units (CFU)/ml of milk. Histologically, a purulent exudate was found in the lactiferous duct and sinus and in the interlobular ducts. The epithelial lining remained intact, but neutrophils and macrophages were seen in the lamina propia of the lactiferous sinus and in the connective tissue around the interlobular ducts and within the alveoli. No appreciable systemic reaction (other than pyrexia) was noticed, and the mycoplasma was not recovered from other sites at necropsy 5 days postinoculation.
In our laboratory, M. bovis has been identified on 3 occasions from the lungs of goats at necropsy (A. J. DaMassa, unpublished data). The agent was isolated in other laboratories, and no information is available regarding the cause of death of the goats.
The isolation of M. bovis from goats is not unusual. Bovine milk is often used as a feed supplement for young goat kids, providing an opportunity for the agent to seed the mouth, oropharynx, lower trachea, and lung.
Mycoplasma capricolum
Mycoplasma capricolum is primarily a goat pathogen but has also been encountered in sheep, cows, and alpine ibex (Capra ibex ibex).
In goats, M. capricolum is highly destructive, causing high morbidity and mortality. Described first as a virulent form of "PPLO" from goat kids in California, 21 the primary clinical sign was a severe arthritis (polyarthritis) affecting nearly every diarthrodial joint. In later studies, 19, 20 parenteral inoculation of this organism caused high morbidity and mortality in sheep and pigs. The agent was later named M. capricolum. 113 Mycoplasma capricolum causes acute to peracute disease when inoculated parenterally 18, 19, 21, 37, 40, 108 or when given orally. 37, 40 The organism initiates a definite, progressive pathologic process best described as septicemia with severe joint localization. 21 Pyrexia is a cardinal sign in kids but may be of short duration and go unnoticed in adults. Hot, swollen, painful joints can occur within 3 days of exposure, causing inability to stand. Upon necropsy, the lymph nodes of kids dying of acute disease are swollen and diffusely reddened and may show discrete hemorrhages. In chronic cases, joints may be only moderately enlarged, moist, firm, and infrequently reddened. Epicardial, myocardial, and endocardial petechiae and fibrinous pericarditis and peritonitis can be present. Fibrin deposits can also be found in the scrotal cavity and covering the liver. Prominent lung changes were not a feature of the 1955 outbreak, 21 but more recent reports describe collapsed lungs with a rubbery consistency and patchy, depressed, red areas of consolidation. 37 Histopathologic changes in the lung are best described as an acute diffuse interstitial pneumonia. 18, 37, 38 Fibrinous adhesions between lung lobes can occur. Kidneys may show medullary edema, hyperemia, pink amorphous material in the tubules, and a degeneration of the convoluted tubules. Hepatic necrosis, conjunctivitis, and/or keratoconjunctivitis have been observed. Cellulitis is common at the site of experimental inoculation. In all but acute cases, severe fibrinopurulent polyarthritis affects nearly all joints, which are surrounded by congestion and edema. Fibrin masses can be found within the joints, and hemorrhagic erosions of the articular cartilages can occur.
In an experimental study, 37 young kids acquired a lethal M. capricolum infection by the ingestion of ≥ 1 x 10 5 CFU/ml in the milk, and kids in close confinement with infected penmates also quickly acquired the infection. Septicemia (mycoplasmemia) was present as early as 24 hours after oral exposure, and the blood of all kids was positive for M. capricolum by the fifth day postinoculation, with counts as high as 1 x 10 6 CFU/ ml. In an additional study, 42 the primary histologic change was fluid leakage from the vasculature, with moderate to marked leukocyte exudation. All kids had diffuse interstitial pneumonia, with high-protein edema fluid in the alveoli and diffuse monocyte-macrophage accumulation in the alveolar walls and alveoli. Many kids had a histiocytic meningitis over most areas of the brain, and 1 kid had an acute vessel wall necrosis. Spleens had moderate necrosis of sinusoidal cells. Fibrin and neutrophil exudation were present in the joint cavity, and necrosis of the synovial lining and foci of coagulative necrosis in the collagenous stroma surrounding the joints were found. Diffuse neutrophilic infiltration was found in the hepatic sinusoids and in the glomeruli. Two kids showed fibrinous or fibrinleukocyte thrombi in the lungs, liver, and meningeal vessels.
Experimentally, mastitis is easily produced by the introduction of M. capricolum into the teat canal, which can lead to agalactia and death. 40 As many as 1 x 10 8 CFU/ml can be shed in the milk, and the infection spreads from 1 udder half to the other. Udders harden, and the supramammary lymph nodes become enlarged. Does that receive small numbers of the organism into the teat may become mastitic but not agalactic and can shed small numbers of the organism for about 4 months. The M. capricolum -infected udder contains a pronounced neutrophilic exudate within the ductal system, and there is a progressive epithelial cell necrosis of the acini. 40 In one study; 42 there was interstitial pneumonia, acute fibrinopurulent arthritis, and vascular thrombosis in various organs. Thrombi, composed of fibrin or fibrin and leukocytes, were seen in adrenal glands, heart, meninges, lung, liver, and spleen. Unlike kids, no menningitis was observed in adults. Two goats had neutrophilic epicarditis, with extension into the heart muscle. Glomerulonephritis was present in most adult goats. Necrosis of lymphoid follicles and multifocal necrosis of the sinusoids of the spleen were noted in 1 animal. Epidemiologically, many adult does probably become infected by the infusion of the organism into the teat canal, probably because of unsanitary milking procedures either in the milking parlor or during hand milking (as with caprine strains of M. mycoides ssp. mycoides and M. putrefaciens). 2, 42 Horizontal transmission of M. capricolum among adult goats has not been demonstrated, although young kids readily acquire the infection from diseased penmates. 37 Other than the 1955 epidemic in kids, 21 only sporadic outbreaks of M. capricolum disease have occurred. In a previously unreported study, an organism that most probably represents M. capricolum or an M. capricolum-like mycoplasma was responsible for an incidence of severe mastitis in the Central Valley of California that resulted either in death or culling of about 200 lactating does (A. J. DaMassa and D. L. Brooks, unpublished data). In that outbreak, kids were not affected, probably because they were fed heat-treated colostrum or milk replacer.
Other outbreaks of natural disease attributable to M. capricolum include disease in sheep in Zimbabwe 107 and a septicemic disease in lambs in the United States that was initiated by an organism closely related to M. capricolum. 45 This agent has also been isolated from cases of mastitis in cows, 109 from bull semen, 13 from septicemic disease in alpine ibex, 104 and from vulvar scabs of ewes in the United Kingdom. 60 Mycoplasma capricolum is a heterogeneous mycoplasma 25 (A. J. DaMassa, unpublished data), and antisera to several isolates may be necessary to identify all strains. In the United States, isolates similar to the type strain (California Kid) of M. capricolum are now considered unusual mycoplasmas and are being replaced by serologic types such as Mycoplasma sp. GM262G 33, 45 (A. J. DaMassa, unpublished data). In our laboratory, strain GM262G is considered a strain of M. capricolum, based on 1) its weak reactions with polyclonal antiserum to the type strain of M. capricolum, 2) a definite but delayed ability (4-6 weeks) to hydrolyze arginine, and 3) possession of the enzyme omithine transcarbamylase. Isolates similar to strain GM262G cannot often be identified serologically using polyclonal antisera to the type strain of M. capricolum but do respond variably with polyclonal antiserum to Mycoplasma sp. F38. Mycoplasma capricolum and Mycoplasma sp. F38 share a DNA homology of about 80%. 17
Mycoplasma conjunctivae
Mycoplasma conjunctivae causes caprine and ovine conjunctivitis/keratoconjunctivitis 8, 10 and can be isolated frequently from the eye and the nasopharynx. 8 Hosts infected with this agent show lacrimation, conjunctival hyperemia, pannus, neovascularization, iritis, and keratitis. 8, 24 Chamois can also become infected and show more severe clinical symptoms, leading to total blindness 83 The disease is usually mild, lasting about 1 week or, in more severe cases, > 1 month. In our laboratory, some cases of keratoconjunctivitis were presumably caused by M. conjunctivae, which was isolated from the eyes of both goats and sheep that recovered without treatment (A. J. DaMassa, unpublished data).
In an experimental study, cloned cultures of M. conjunctivae given subconjunctivally caused injection of the vessels of the bulbar and palpebral conjunctiva and increased lacrimation. 111 The clinical disease was similar to natural outbreaks among goats.
In another experimental study, 110 inoculated and contact sheep all developed keratoconjunctivitis. Clinical signs were generally moderate and transient and recurred in some sheep. Grossly, there was increased lacrimation, an increase of lymph follicles of the third eyelid, hyperemia of the conjunctiva, and corneal opacity. In some cases, a rim of vessels was present that extended from the limbus into the cornea. The microscopic lesions included conjunctivitis of the upper, lower, and third eyelids characterized by extensive subepithelial infiltration of mononuclear cells, hyperemia, endothelial swelling, and a greater than average number and size of lymph follicles.
Mycoplasma gallinarum
Mycoplasma gallinarum has been isolated at least once from sheep and goats. 24 In our laboratory, M. gallinarum has been isolated twice from goat placentas recovered in the barnyard (A. J. DaMassa, unpublished data). The significance of these isolations is unknown, because the mycoplasma may have been acquired by contamination from fowl.
Mycoplasma mycoides ssp. capri
This mycoplasma, long believed to be the etiologic agent of contagious caprine pleuropneumonia (CCPP), is now considered by many investigators to be either unusual or rare, although a recent report 61 revealed that the agent may be prevalent in Oman.
The type strain (PG3) of M. mycoides ssp. capri is serologically distinct from M. m. ssp. mycoides (largecolony strains Y and GM12 and small-colony types such as PG1). High-resolution, 2-dimensional gel electrophoresis has shown, however, that strains of M. m. ssp. capri are more closely related to large-colony types than to small-colony types of M. m. ssp. mycoides. 94 Significant cross-reactions between some strains of M. m. ssp. capri and M. m. ssp. mycoides can occur with some antisera, but some strains of M. mycoides from goats are difficult to assign to either subspecies because they share serological properties with both.
Little information is available concerning the pathogenicity of M m. ssp. capri, either from natural or experimental cases. Few isolations of the organism have been made in recent years, 61 especially from cases of CCPP, indicating that this organism is not the etiologic agent of that disease.
Mycoplasma m. ssp. capri given endobronchially initiated a pleuropneumonia in goats that closely re-sembled the disease initiated by caprine strains of M. m. ssp. mycoides. 84 Infected animals developed high fever and were unable to eat. Gross lesions were confined to the lungs, pleura, and pericardium. Lung lobes showed various degrees and stages of hepatization, with dilated interlobular septa. The pleura of the affected lung was often covered with fibrin and adhered to the diaphragm, chest wall, and pericardium. Excess thoracic fluid and fibrinous pericarditis was common. The associated lymph nodes, especially the bronchial, mediastinal, mandibular, and retropharyngeal, were enlarged, edematous, and hemorrhagic. The important histopathologic lesions included edema of the lung, congested alveolar septa, acute pyogenic bronchopneumonia, and acute purulent pleurisy.
Mycoplasma m. ssp. capri has also been isolated from natural cases of caprine mastitis. 90 In an experimental study, 79 the inoculation of the organism into the teat canal resulted initially in decreased milk production and progressed to an agalactic syndrome. At necropsy, there was purulent material in the inoculated udder side, and the supramammary lymph node on the affected side was enlarged. Initial histopathologic changes included a diffuse purulent mastitis with marked infiltration of neutrophils within the luminal acini. These lesions progressed to a chronic interstitial mastitis with atrophy of the glandular parenchyma and subsequent replacement by fibrosis. As with infections caused by M. putrefaciens, the organism did not spread to the opposite udder half. Body temperature and appetite remained normal. In another study, 84 Nigerian strain goats infected with M. m. ssp. capri did not develop either arthritis or mastitis.
Mycoplasma m. ssp. capri is considered exotic to the United States.
Mycoplasma mycoides ssp. mycoides (large-colony or caprine biotypes)
Mycoplasma m. ssp. mycoides is best known as the causative agent of contagious bovine pleuropneumonia, a highly destructive disease of cattle that was eradicated from the United States in 1892. Since 1978, 30 however, mycoplasmas of goat origin serologically indistinguishable from the bovine type of M. m. ssp. mycoides (strain PG1) have caused severe disease in goats.
Based principally on morphologic and cultural characteristics, M. m. ssp. mycoides is divided into largecolony (LC) and small-colony (SC) types. In general, LC types (also called caprine biotypes by some authors) have more robust cultural characteristics than do SC (bovine) biotypes. LC types grow to a significantly larger diameter on agar, grow more extensively in liquid broth, rapidly digest inspissated serum and casein more rapidly, and survive for a longer period at 45 C than do SC types. 30 Exceptions do occur, 114 but these parameters have been useful for separating these 2 types.
SC types of M. m. ssp. mycoides are almost exclusively found in bovines. On 3 occasions, however, SC types designated strains O, P, and Vom have been recovered from goats in New Guinea, Sudan, and Nigeria, respectively. 24, 30 Conversely, LC types are almost exclusively found in goats but have been recovered from cattle in Australia, 30 France, 88 and India. 63 In 1 instance this mycoplasma has been associated with natural disease in sheep in Nigeria. 87 Mycoplasma m. ssp. mycoides is a member of the Mycoplasma mycoides cluster, a group of mycoplasmas that are notable pathogens of cattle, goats, and sheep and that share serologic, genomic, and antigenic characteristics. 27 Caprine strains of M. m. ssp. mycoides are the dominant disease-producing mycoplasmas affecting milk goats worldwide. These strains are particularly important and widespread pathogens in the goat populations of the United States and many other countries.
In 1 study, 84 the gross and histological lung lesions in goats caused by caprine strains of M. m. ssp. mycoides were remarkably similar to those caused by M. m. ssp. capri (see section under M. m. ssp. capri). In other studies, pulmonary changes depended on the route of inoculation of the agent, 64 causing CCPP when given endobronchially 84 but causing only pleuritis, mild interstitial pneumonia, and pulmonary edema when given intravenously. 64 In goats infected endobronchially with a Canadian strain of M. m. ssp. mycoides, 96 all animals ( n = 6) died due to mycoplasmal septicemia within 1 week of exposure. At necropsy, there was cellulitis in the ventral neck region and pulmonary edema, and in 4 goats there was excess serosanguinous fluid in the pleural cavity. All goats had acute pneumonia that ranged from localized areas in the hilar region to scattered areas 2 x 2 cm in all lobes. Fibrin was seen covering areas of the lung. One goat had pale and distended interlobular septa. Hyperemic and edematous pulmonary lymph nodes were found in all goats. Excess turbid synovial fluid was present in the carpal and hock joints of most goats. Histologically, all goats showed congested and edematous lungs, and early stages of necrosis were observed in the pneumonic tissue. Proteinaceous fluid, exfoliated cells, macrophages, and neutrophils were seen in the alveolar spaces. The lungs of 2 goats had arterial and arteriolar vasculitis with necrosis of the vessel wall and thrombosis. In 1 goat, there was necrosis of the interlobular septa, and in 4 goats there was necrosis in the periarteriolar lymphatic tissue in the spleen. One goat had focal necrosis in the adrenal cortex.
In many areas of the world where milk goats are kept, mastitis and arthritis initiated by M. m. ssp. mycoides are common. 9, 36, 47, 93, 97 Some strains of this mycoplasma that are known to produce arthritis and mastitis in European and North American milk goats do not, however, elicit those manifestations in African goat breeds. 1, 84 In milk goats, the clinical signs caused by caprine strains of M. m. ssp. mycoides include arthritis or polyarthritis, conjunctivitis, lymphadenitis, peritonitis, pericarditis, mastitis, septicemia, some form of pneumonia (interstitial, fibrinous), and pyrexia. 39, 41, 42, 64, 82, 84, 85, 95, 96 In the United States, disease outbreaks caused by M. m. ssp. mycoides have produced 90% morbidity and mortality in the new kid crop. 36 Cellulitis at the site of experimental inoculation is common.
Young kids readily acquire M. m. ssp. mycoides by many routes, including orally. 36, 41, 47 Oral transmission occurs because does infected with this agent are often mastitic and routinely shed large numbers of this pathogen in their mammary secretions. With strains of low virulence, however, infection via the oral route may not occur. 12 In an experimental study, 41 a l-time oral dose of ≥ 1 x 10 6 CFU of M. m. ssp. mycoides (caprine strain GM 12) was sufficient to induce clinical mycoplasmosis ( n = 37) terminating in fatal septicemia in 73% (37/ 51) of the inoculated kids. The disease was contagious; 8/14 noninoculated control kids (57%) kept in close confinement with affected kids developed mycoplasmosis and died. The organism could be isolated from the blood of the affected kids as early as 24 hours after ingestion of the organism, with counts as high as 1 x 10 8 CFU/ml. Counts of the organism in the urine reached 1 x 10 6 CFU/ml. Pyrexia as high as 42.3 C could be detected in about 95% of the affected kids. Hot, swollen joints occurred within 4 or 5 days after oral exposure. At necropsy, all affected kids had a fibrinopurulent polyarthritis and areas of consolidation in the lungs. Excess pleural fluid and fibrinous adhesions between the lungs and the thoracic wall also were noticed. Atelectasis and areas of patchy to diffuse red consolidation, often overlayed with a fibrinous exudate, were seen in 1 or more lung lobes. Lung lesions included bronchiectasis and extensive pulmonary edema. Subcutaneous periarticular tissues often contained a fluid that was reddish and gelatinous. An exudate was frequently seen extending proximally and distally into the tendon sheaths (tenosynovitis). The joint spaces contained exudate ranging from variable amounts of stringy yellow fluid to copious amounts of a fibrinopurulent deposit. Erosions of the articular cartilages were seen in kids surviving ≥ 7 days. Four of the 37 kids had a generalized peritonitis. The kidneys, liver, and spleen were congested and enlarged, and the gallbladder was distended with bile. Pericarditis was also found. All kids had congestion of the meningeal vessels. In about 50% of the kids, the regional lymph nodes of the lungs and the prescapular and mesenteric ileocecal lymph nodes were enlarged 2-3 times. Histologic changes in tissue samples from the major organ systems were limited primarily to an acute vascular phenomenon. There was diffuse fluid leakage into the alveoli of the lungs, with a modest accumulation of leukocytes in the alveolar walls. In older kids necropsied at 48 and 72 days of age, the leukocytes found in the alveolar walls were macrophages. In younger kids necropsied at 20 and 12 days of age, the leukocytes were primarily neutrophils. Acute thrombi were seen occasionally in various organs. Meningeal, pleural, and peritoneal surfaces often had evidence of acute vascular leakage, with an early minimal perivascular accumulation of leukocytes. Meningeal vascular fluid leakage with a slight perivascular leukocyte accumulation were the only changes present in the brain and spinal cord.
Mycoplasma ovipneumoniae
Mycoplasma ovipneumoniae plays a role in disease of goats and sheep. This mycoplasma can be isolated frequently from the lung, trachea, and nose and occasionally from the eyes of sheep with pneumonia but can also be found in the respiratory tract of healthy sheep. Sheep inoculated intravenously and l-day old lambs infected by aerosol developed an interstitial pneumonia. 101 Significant microscopic lesions in lambs sacrificed between 1 and 56 days postinoculation consisted of proliferation of the alveolar walls and of the epithelium of the terminal bronchioles. Atelectasis was present. The organisms were not recovered at necropsy.
Natural disease caused by M. ovipneumoniae has been often reported. 11, 16, 102, 103 Later studies have suggested that M. ovipneumoniae and Pasteurella hemolytica biotype A serotypes act synergistically to produce a chronic disease (atypical pneumonia) principally affecting lambs up to 12 months of age. 58 Mortality rarely exceeds 10%, 59 even under experimental conditions, but considerable economic loss due to unthriftiness can occur. 57 Goats can also harbor M. ovipneumoniae, and growing evidence incriminates this mycoplasma in goat dis-ease. In an experimental study, 49 young goats infected with this agent developed pneumonic signs. The organism was recovered, but not regularly, from the infected goats. In a later study, 80 the experimental infection of goats and sheep with M. ovipneumoniae resulted in similar disease patterns. The thymus was enlarged, but there were no clinical signs or gross lesions in the lungs, trachea, or pleural lymph nodes; however, animals examined at later periods following intratracheal inoculation showed patchy areas of lung collapse. Histopathologic changes in the lungs included mild pneumonia, alveolar collapse, and a thickening of the interalveolar septa with neutrophils and mononuclear cells. The interstitial pneumonia was more prominent late in the experiment. No Pasteurella sp. or other bacteria of importance were isolated.
Mycoplasma ovipneumoniae displays an uncharacteristic morphology on solid medium containing the usual concentration of agar (1.5-2.0%). Colonies do not have the "fried egg" appearance because they lack the central downgrowth that gives most mycoplasma colonies that morphology. Rather, the colonies on such agar appear granular. On medium with lower agar concentrations, the normal appearance is reestablished.
Mycoplasma putrefaciens
This mycoplasma, described by Tully in 1974, 113 was named for its characteristic of producing in its growth medium (particularly liquid medium) a strong odor of putrefaction. The organism was probably first isolated and designated as strain "KS" from the joints of goats in California in 1956. 3 In 1980, this mycoplasma was identified as a cause of caprine mastitis leading to agalactia. 2 As few as 0.5 x 10 2 CFU of the GM1 strain of M. putrefaciens introduced into the teat canal induced mastitis and agalactia. Normal lactation usually does not resume until the next freshening. 15 Often, there are no clinical signs other than mastitis and agalactia. This mycoplasma does not appear to induce pyrexia. The organism remains localized on the affected udder side only, without spreading to the opposite udder half, and confers immunity to the affected udder half only. 15 Young kids given the GM1 strain orally, intranasally, intramuscularly, or intraperitoneally exhibited no abnormal clinical signs. 40 Pyrexia did not occur, and the organism could not be isolated from the blood.
No published studies attest to mycoplasmemia in M. putrefaciens -infected goats nor to the establishment of disease in young kids given the organism orally. In recent observations (A. J. DaMassa and D. L. Brooks, unpublished data), however, the organism was recoverable from the blood, sporadically in low numbers, and kids nursing on a dam that was shedding large numbers of the GM499 strain developed severe arthritis affecting principally the carpal, hock, and stifle joints. Aspirates of affected joints confirmed the pres-Serotype 11 ence of M. putrefaciens.
(representative strain: Mycoplasma sp. 2D)
For several years, M. putrefaciens was thought to only cause mastitis leading to agalactia. In 1987, however, M. putrefaciens caused a severe outbreak of mastitis and arthritis/polyarthritis in a herd located in the Central Valley of California, requiring the destruction of 700 goats. 43 The milk of nearly all 400 lactating does contained almost pure cultures of M. putrefaciens, up to 1 x 10 9 CFU/ml. At postmortem examination, the joints of both the adults and kids contained a fibrinopurulent discharge. Mycoplasma putrefaciens was isolated in pure cultures and in large numbers from joints, tissues, and fluid not previously known to harbor the agent: brain, kidneys, lungs, lymph nodes, uterus, and urine. Bulk milk tank samples emitted an odor of putrefaction, with counts of M. putrefaciens up to 1 x 10 7 CFU/ml. The outbreak was milkborne and was initiated by the infusion of the pathogen into the teat canal by poor hygiene in the milking parlor and by feeding raw colostrum containing large numbers of the organism to kids. In 14-day-old kids infected with this strain of M. putrefaciens, the prominent histopathologic lesions were acute fibrinopurulent exudation into the joint cavities and synovial lining necrosis. In older kids necropsied at 21 and 63 days of age, a lymphocytic-plasmacytic infiltration of connective tissue was found in joints having intact synovial linings. In 2 lactating does necropsied during the outbreak, the udder showed severe mastitis, which included neutrophilic exudation, mild fibrosis, and an occasional lymphoid nodule. The mastitis was more severe at the alveolar level than in the ducts. This serotype has been demonstrated only from sheep. In Australia, several vaginal and preputial isolates from sheep were described, and an isolate called 2D was designated as the biotype? Several similar isolates were later recovered that appeared to represent this serotype,29 but some also showed a serologic relationship to caprine strains of M. mycoides ssp. mycoides, a characteristic that was not found in other studies of strain 2D. 5 Studies in Texas revealed isolates from the genital tract of sheep that were serologically indistinguishable from strain 2D. 72 One of the strains, designated 3301, has been examined in our laboratory and exhibited, like some strains examined in another study, 23 Mycoplasma sp. F38 is listed here as a distinct serotype only for convenience; this designation is tentative and used primarily to separate it from M. capricolum and/or other members of the M. mycoides cluster. As stated under the description of M. capricolum, studies have reported that Mycoplasma sp. F38 often reacts serologically with polyclonal antiserum to the type strain of M. capricolum, and there is a high degree of DNA relatedness between the two agents. 17 A later study, 100 showed that the important cross-reactions between these 2 mycoplasmas (and also with mycoplasma serogroup 7) were eliminated using a monoclonal antibody to Mycoplasma sp. F38, therefore supporting the possible elevation of Mycoplasma sp. F38 to species or subspecies rank. Little is known about this mycoplasma, except that it was isolated from a caprine foot. It represents a serologic type different from any other mycoplasma of goat and sheep origin listed in this report. Pathogenicity, if any, is unknown. Mycoplasma sp. A1343 has only been reported in 2 prior studies. 23, 48 According to those reports, 23,48 strain A1343 originated from the lung of a goat in West Virginia. No data concerning its pathogenicity, if any, exists.
Undetermined species of Mycoplasma
(This mycoplasma is included here because it has been isolated from goats. However, this agent has not been examined in our laboratory because we could not obtain samples of the organism. Strain A1343 may represent a currently known mycoplasma.)
Mycoplasma sp. F38 is now considered the etiologic agent of "true" or "classical" CCPP. In Kenya, CCPP has been initiated by at least two distinct mycoplasmas. 73, 75 In one case, designated the "chronic" form, the causative agent was M. mycoides ssp. mycoides (strain F30), there was no spread of the disease among mature goats. 73 In the other case ("acute" CCPP), caused by strain F38, there was widespread dissemination of the disease to contact goats. 75 Contagious caprine pleuropneumonia, initiated by Mycoplasma sp. F38 or an F38-like mycoplasma, causes major economic losses in Africa and Asia. 100 One study 74 reported up to 100% morbidity and 68% mortality; another study stated both values as 100%. 99 Body temperature reached 41.5 C. Close contact among goats was necessary for spread of the disease. 74 Generally, pathologic changes are confined to the lung, which may develop pale yellow foci approximately 4-5 mm in diameter surrounded by a spherical red congested zone. Lesions may occur in any part of the lung, or they can coalesce so that the entire lobe or lung becomes solid. Chronically affected lungs can show a fibrinous pleuritis with occasional adhesions to the chest wall. In 1 study, 62 emphysema and/or atelectasis and excess serosanguinous or serous thoracic fluid were usually found. Histologic lesions were those of a focal fibrinous pleuropneumonia with variable involvement of the interstitial connective tissue. In acute cases, many alveolar wall capillaries were congested, and alveoli contained a serous exudate containing occasional neutrophils and macrophages. In the chronic stages of the disease, the lesions became organized with an increase in connective tissue and a proliferation of mononuclear inflammatory cells. In most cases, there was no enlargement of the interlobular septa. Unlike M. capricolum and LC strains of M. mycoides ssp. mycoides, the subcutaneous or intramuscular inoculation of Mycoplasma sp. F38 does not elicit local cellulitis and subcutaneous edema at the point of inoculation. Mycoplasma sp. F38 does not appear to cause pathology in animals other than goats; 52 however, it has been isolated from the milk of mastitic cows in India, 66 and a culturally, serologically, and biochemically similar organism has been isolated from sheep in Kenya. 70 Thus far, Mycoplasma sp. F38 (or an F38-like mycoplasma) has been isolated in Chad, 69 India, 66 Kenya, 70 Oman, 61 South Yemen, 98 Sudan 51 Tunisia, 89 and (by implication) Turkey. 61 Additionally, an F38 polysaccharide was detected by latex agglutination in the sera of Mali goats. 98 More detailed information regarding the disease in goats caused by Mycoplasma sp. F38 or by F38-like mycoplasmas is available. 51, 56, 61, 62, [75] [76] [77] [78] Serotype 17 (representative strains: Mycoplasma sp. G, GM274B, GM790A) Serotype 17, represented by Mycoplasma sp. G, was first isolated from the external ear canals of goats in Australia. 30 Since then, a serologic type indistinguishable from Mycoplasma sp. G (designated GM274B) has been isolated on many occasions from the external ear canals of goats in the United States (A. J. DaMassa, unpublished data). Serotype 17 has usually been isolated from the external ear canal of goats, although isolation from a retropharyngial lymph node of that species, 30 and isolation of another similar serologic type (GM790A) from spleen, lung, and mastitic milk of 2 goats in the United States 44 has been reported. In our laboratory, this mycoplasma has been isolated occasionally from the nasal tracts of goats and once from the external ear canal of a young calf. The calf was housed in close contact with a small herd of young goats known to harbor strain GM274B in their ears (A. J. DaMassa and D. L. Brooks, unpublished data).
Serotype 19 (representative strains: Mycoplasma sp. U, GM623)
In a survey of the external ear canals of goats in Australia, an additional isolate was described and designated Mycoplasma sp. U. 32 No information is available concerning its prevalence or pathogenicity. On 1 occasion, an isolate serologically similar to Mycoplasma sp. U was isolated from the external ear of a goat in California. The isolate was designated GM623 (A. J. DaMassa, unpublished data). Mycoplasma sp. V was first isolated from the external ear canals of goats in Australia. 32 In the United States, a serologic type represented by strain GM257A 33 is identical with Mycoplasma sp. V and is a frequently isolated mycoplasma whenever the external ears of goats are cultured (A. J. DaMassa, unpublished data). It has not been isolated from other anatomical sites and its pathogenicity, if any, has not been established. This mycoplasma is easily distinguished from many other known mycoplasmas by the production of an intense black pigment on agar, rendering some, particularly older, colonies black. Pigmentation is not seen in liquid media nor is it evident when colonies are young or are crowded on agar; it develops best when colonies are widely separated. Preliminary data suggest that pigmentation develops only on agar supplemented with thallous acetate.
Acholeplasma Acholeplasma axanthum
In 1 report, 60 A. axanthum was isolated from vulvar scabs of ewes in the United Kingdom, representing the only isolation of this mycoplasma from sheep or goats. Its pathogenicity, if any, has not been established.
Acholeplasma granularum
The 2 isolations of A. granularum, from a goat and sheep, 25 are the only known isolations of these mycoplasmas from these hosts. The significance of these isolations is unknown.
Acholeplasma laidlawii
This organism is ubiquitous and is not specific to sheep or goats. In our laboratory, A. laidlawii has been isolated from, the respiratory tract of these hosts on many occasions (A. J. DaMassa, unpublished data).
In 1 study, 105 however, the inoculation of this organism into the teat canal of lactating goats resulted in clinical mastitis leading to 90% milk loss in most goats tested and agalactia in others. Milk abnormality was observed only in the inoculated udder half and persisted for 19 days postinoculation (the longest period tested). In goats necropsied on the third day postinoculation, the udder and the supramammary lymph node on the inoculated side were slightly enlarged. Goats necropsied at subsequent intervals had udders that were smaller and had mammary lymph nodes that were larger than those of the uninoculated side. Histologically, mastitis was present only in the inoculated udder half. Acute diffuse purulent mastitis characterized by marked exudation of neutrophils into the luminal acini began on the third day postinoculation. Within 1 week, the mastitis became less purulent, with a decrease in the number of neutrophils in the lumina of the acini. The acinar epithelial cells were vacuolated and exfoliated, and there was mild fibrosis and an infiltration of lymphocytes in the interstitial tissue. By days 18 and 19 postinoculation, the mastitis was chronic and characterized by a severe parenchymal infiltration of lymphocytes and plasma cells. A marked fibrosis replaced the glandular parenchyma. The supramammary lymph nodes on the affected udder side showed acute to chronic lymphadenitis, with marked hyperplasia of lymphoid tissue.
Acholeplasma oculi
This mycoplasma has been isolated from cases of conjunctivitis or keratoconjunctivitis in goats, 4, 6 sheep, 7 and other animals. It has also been isolated from pigs, 24 as a cell culture contaminant, 112 from horses and camels, 92 and from cows and calves. 65, 92 Only 1 investigation has supported a pathogenic role for A. oculi. In a natural outbreak of the disease in goats in Minnesota, there was severe keratoconjunctivitis; 6 upon reinoculation of the agent, mild to severe conjunctivitis, pneumonic lesions, and death in some goats resulted.
Ureaplasma species
Ureaplasma species have been cultivated from both goats and sheep. There is, however, a general lack of specific information on these organisms from these hosts, and little is known about their role, if any, in disease. Strains of these organisms have been isolated from the urogenital tract or from urine of goats and sheep. 50, 71 In a later study, 46 sheep with granular vulvitis contained ureaplasmas in the vulva, and inoculation of the organisms into healthy sheep resulted in granularity and hyperemia of the vulva.
Thus far, the Ureaplasma species of sheep and goats have not been characterized, and their serologic relationships have not been investigated. Future studies will probably show that the ureaplasmas of sheep and goats represent a spectrum of serologic types similar to U. gallorale, U. diversum, and U. urealyticum.
